Objective: To examine how peritraumatic distress modulates the severity of posttraumatic stress disorder (PTSD) according to the timing of the PTSD symptom assessments.
P eritraumatic distress consists of the negative emotions experienced during or shortly after a traumatic event. 1 The subjective responses of fear, helplessness, and horror represent a subset of the peritraumatic distress reactions that currently define trauma exposure in the DSM-IV-TR, along with life threat. While PTSD can chronically persist for months and years after a traumatic event, 2 it remains unclear if peritraumatic distress modulates the development or persistence of PTSD symptoms across time. Understanding this would not only help clinicians in their prognosis of PTSD but also contribute to current discussions regarding the usefulness of the DSM-IV-TR A1 (life threat) and A2 (peritraumatic distress) criteria in establishing a diagnosis of PTSD.
One of the most widely used quantitative measures of peritraumatic distress is the PDI, 1 a 13-item self-report scale that measures emotional distress and physiological reactions experienced during or immediately after a traumatic event. The PDI scores have been shown to prospectively predict the development of PTSD. [3] [4] [5] However, several studies report varying, albeit significant, correlation coefficients between the PDI and PTSD symptom measures. [6] [7] [8] This variability may be due, in part, to these studies assessing PTSD symptoms from 1 month to several years after trauma exposure. Considering that PTSD is not a trait, but rather a state condition, which changes over time, the effects of peritraumatic distress may be expected to diminish over time as other factors, such as avoidance, life stressors, or lack of social support, emerge to maintain the disorder. [9] [10] [11] No study has systematically examined how the timing of the PTSD assessments modulates the relation between PTSD symptoms and peritraumatic distress. This question was addressed in our research by performing a metaanalysis of previous PTSD studies that reported correlations between PDI and PTSD symptom scores. The metaanalysis considered the time at which PTSD symptoms were assessed following the traumatic event. Additionally, meta-regression analyses were conducted by considering whether the PDI was administered within the first month following trauma exposure (that is, the minimum time needed to make a valid diagnosis of PTSD), or later on, so as to examine the consistency of the results according to the timing of the assessment of peritraumatic distress. For each analysis, we predicted that the correlations between peritraumatic distress levels (as measured by the PDI) and clinical symptoms of PTSD would significantly decrease as the time at which the symptoms were evaluated following the trauma event increased.
Method
An exhaustive literature review was conducted for studies involving the PDI, which were published in English or in French, between September 2001 (the publication year of the PDI) and August 2010, using the key words peritraumatic distress inventory or peritraumatic distress. The search included published and unpublished articles, theses, and conference abstracts, and was conducted using PubMed, PsycINFO, and PILOTS databases. The ISI Web of Knowledge database was searched using the same key words and with Brunet et al 2001 in the cited reference search. To optimize the search outcome, a second search was conducted in Google Scholar for documents citing Brunet et al 1 and by using any of the key words applied in the initial search. Other relevant articles were searched in the reference sections of each article identified from the literature searches (snowball technique).
Inclusion and Exclusion Criteria
Each screened study was submitted to the following inclusion criteria: use of a validated PTSD symptom measure, report a correlation coefficient between the PDI and a PTSD symptom score, the time at which each measure was administered in relation to trauma exposure, the number of study participants, and the use of the DSM-IV-TR, criterion A1 (life threat) for defining a traumatic event. The resulting studies were further screened according to the following exclusion criteria: studies in which one-half or more of the sample was composed of people with a traumatic brain injury, and multiple studies that reported on the same PDI and PTSD data. 
Clinical Implications
• The current review article provides data that strengthen the relation between peritraumatic distress and PTSD, and may thereby help clinicians make a more accurate prognosis of PTSD in trauma-exposed patients.
• Implications regarding how the A2 criterion predicts the DSM diagnosis of PTSD are discussed.
• Peritraumatic distress is established as one of the strongest risk factors for PTSD.
Limitations
• The retained studies are mostly cross-sectional, making it difficult to explain the temporal changes in the correlations between the PDI and PTSD scores.
• The PDI scores, especially in the late PDI assessment studies, may have been affected by retrospective memory recall biases.
• The separate analyses conducted on the early PDI assessment studies and the late PDI assessment studies involved relatively small outcome samples.
Data Sampled and Coding of Studies
From each of the selected studies, we extracted the correlation coefficients relating the PDI and PTSD symptoms scores, sample size, and the number of days, posttrauma, after which the PDI and PTSD measures were administered. If there was more than 1 PTSD symptom measure reported, the correlation involving a self-report inventory was chosen over the less frequent PTSD structured interview score, to reduce heterogeneity in measurement. The selected studies were coded for year of publication, population type, and the timing of the PDI administration. Studies that evaluated peritraumatic distress within the first month following trauma exposure were coded as early PDI assessment, while the late PDI assessment studies were those where peritraumatic distress and PTSD symptoms were assessed more than 1 month following the traumatic event. Further, the following were recorded for each study: PDI mean score, PTSD symptom mean score, the scale used for assessing PTSD symptoms, and length of time elapsed between the traumatic event and the PTSD symptoms assessment. Studies were also coded according to the specific type of trauma experienced (for example, motor vehicle accident) when occurring in more than 50% of the sample (otherwise the trauma type was coded as mixed). Finally, studies were coded according to whether they were treatment or observational. For studies that tested for treatment efficacy, only baseline (pretreatment) data were used. If there were multiple measurement time points, postbaseline data obtained from the control participants were also used.
Statistical Analyses
Descriptive statistics were reported for the length of time elapsed between the traumatic event and the PTSD symptoms assessment and the correlation data were screened for the presence of outliers. The meta-analysis was performed according to the methods proposed by Lipsey and Wilson 12 using SPSS software, Version 16.0 (SPSS Inc, Chicago, IL). We first calculated a weighted mean effect size to reveal the magnitude of the relation between peritraumatic distress and PTSD. Computation of the weighted mean effect size was based on the correlations between the PDI and the PTSD symptom scores, which were temporally closest to the trauma. Correlation coefficients were adjusted using a Fisher Z r transformation. 13 Once the adjustments were made, a weight for each study was calculated using its inverse variance (ω = n -3) 12 to adjust for the contribution of each correlation in the model according to the sample size. The weighted mean effect size was computed using these values and a 95% confidence interval. An initial analysis involved a fixed effects model, unless a homogeneity analysis (Q) of the data was significant (which would indicate that the variability across the effect sizes is greater than expected from sampling error alone), in which case a random effects model was computed to correct for the heterogeneity of variance.
Three meta-regression models were computed to test whether the correlations between PDI and PTSD symptom scores would decrease as the time between the traumatic event and the PTSD symptom measurement increased. These meta-regression models are modified weighted least squares regressions, which weight each correlation in accordance to the study's sample size (by using an inverse variance weight). 12 The first meta-regression was computed using the entire study sample. The second and third analyses were performed separately for the early and the late PDI assessment studies, respectively. Each regression model included the correlation coefficient between the PDI and the PTSD symptom scores as the dependent variable, and the length of time elapsed between the traumatic event and the PTSD symptoms assessment as the independent variable. As we were not interested in analyzing the magnitude of the correlations, per se, but rather the change in slope of the correlation coefficients across time, all correlations reported at different time points in the same study were incorporated in the regression model. For each regression, an initial analysis was calculated using a fixed-effects model, unless the homogeneity analysis (Q) was significant, in which case a mixed-effects model was computed to correct for the heterogeneity of variance. For all analyses, statistical significance was established at P = 0.05 (2-sided test).
Results

Retrieved Article Characteristics
Ninety-seven articles were initially identified from the key word search. This set was reduced to 26 after applying the inclusion and exclusion criteria. An additional study, which had administered the PDI to children, was excluded because the instrument had not yet been validated for this population. Three additional studies were excluded because they involved nonvalidated versions of the PDI. The final set of articles retained for the meta-analysis included 22 studies, of which 17 were published in peer-reviewed journals.
Thirty correlation coefficients were retrieved across the 22 articles. Both early (10) and late PDI assessment (12) studies were identified. For 3 studies, 6, 14, 15 the time elapsed between the traumatic event and the PTSD symptom assessment was not reported. The correlation coefficients of these studies were used to compute the weighted mean effect size, but not included in the regression models (see Statistical Analyses section). Therefore, the regression models included 27 correlations from 9 early and 10 late PDI assessment studies.
Sample sizes ranged from 19 to 1034 participants, with a median of 45 participants. While 21 studies involved mixed sex samples, one 4 involved 2 separate samples of male and female participants within the same study and, therefore, were included as distinct data points. Participants were sampled from various settings and had experienced different types of trauma (Table 1) . Five studies were longitudinal and involved multiple PTSD symptom assessments. 8 We had access to the database of these articles to retrieve information lacking in the article itself or we contacted authors. studies were extensions 20-22 of previous investigations. 18, 23, 24 The correlations between the PDI and the PTSD symptom scores varied from 0.07 to 0.84 across studies (Table 1) . Twenty-one of the 30 correlations sampled were statistically significant, 6 were nonsignificant, while there was no mention of the significance level for 3 correlations.
Weighted Mean Effect Size
The outcome of the homogeneity analysis was significant (Q = 68.93, df = 19, P < 0.001), indicating that the variability among the correlations was heterogeneous and could not be attributed to sampling error alone. Therefore, a random effects model was used to model the variance. Based on this model, the weighted mean effect size for the correlation between PDI and PTSD was 0.55 (95% CI 0.49 to 0.61).
Recomputing the model without the unpublished studies yielded a mean effect size of 0.57 (95% CI 0.49 to 0.64).
Effect of Time
A summary of the descriptive statistics for the length of time elapsed between the traumatic event and the PTSD symptoms assessment across all studies, as well as for the early and late PDI assessment, are presented in Table 2 .
In the first meta-analytic multiple regression analysis, all 27 correlations were included. As the fixed effects model The effect of the length of time elapsed between the traumatic event and the PTSD symptoms assessment on the PDI or PTSD symptom score correlations was examined in the early PDI assessment studies. While the residual variance was significant using a fixed effect model (Q = 76.83, df = 15, P < 0.001), it was nonsignificant using the mixed effects model (Q = 15.47, df = 15, P = 0.42). Within this latter model, the length of time elapsed between the traumatic event and the PTSD symptoms assessment was nonsignificant (β = -0.27, P = 0.26) (Figure 1 ). When the analysis was conducted without the unpublished data using a mixed effects model, the results revealed a nonsignificant numerical trend that was in the expected direction (β = -0.13, P = 0.67).
Restricting the meta-regression analyses to the late PDI assessment studies, although the fixed effects model yielded a nonsignificant residual variance (Q = 11.64, df = 8, P = 0.17), the regression was recomputed using a mixed effects model to further reduce the heterogeneity of variance (Q = 7.15, df = 8, P = 0.52). The result of the metaregression was significant and in the hypothesized direction (β = -0.59, P < 0.05) (Figure 1) . The regression yielded a larger effect size when computed without the unpublished data (β = -0.88, P < 0.001).
Discussion
Using a meta-analytic multiple regression modelling approach, we found that the elapsed time between the traumatic events and the PTSD assessments did not significantly affect the correlations between the PDI and the PTSD symptom scores. This finding resulted from pooling studies, which assessed peritraumatic distress at different time periods after the traumatic event. A meta-regression analysis, performed separately on the early PDI assessment studies, revealed a trend toward a decrease in the correlations between the PDI and the PTSD symptom as the time between the trauma events, and the PTSD symptom assessments increased when the analysis excluded data obtained from unpublished studies. This trend was apparent across the 6 published studies where PTSD symptoms were evaluated at multiple time points in the same participants. In these studies, there was a systematic reduction of the correlations between the PDI and the PTSD symptom over time. A similar, but statistically significant, timedependant correlation reduction emerged when the metaregression analysis was performed separately on the late PDI assessment studies, regardless of whether the analysis included data reported in unpublished studies. Figure 1 provides a straightforward explanation for why time-dependent reductions in the correlations between the PDI and the PTSD symptom emerge from the separate analyses of the early and late PDI assessment studies, but not from the entire set of studies. Data from the early PDI assessment studies were obtained between 20 and 867 days following the trauma event, with most PTSD assessments occurring within 90 days following the event.
In contrast, data from the late PDI assessment studies were obtained 90 days or more after the trauma event, with most assessments occurring 1 year or more after the event. Visual inspection of the data reveals that there is a discontinuity in the 2 data clusters whereby the regression line for the early PDI assessment studies originates earlier and declines more steeply than for the late PDI assessment studies. The reason for this discontinuity is likely due to many of the early PDI assessment studies prospectively evaluating participants after trauma exposure, such that numerous participants may not have developed PTSD, or had remitted from their PTSD at the time when the symptoms were assessed (that is, 1 month or more after the trauma). This may account for the more rapid decline in the correlations between the PDI and the PTSD symptom scores across time relative to the late PDI assessment studies, which may have included participants who already had PTSD at the time of the symptom assessment. While regressing each data cluster separately revealed a downward trend (for the early PDI assessment published studies) or statistically significant effect (for the late PDI assessment studies) in the linear slopes, the mapping of the regression line across the 2 discontinuous clusters essentially reduces the slope of the regression line to the point of being almost horizontal. Therefore, applying the regression model across all data points would have hidden the slope effects found when the data were stratified according to study design.
The temporal decrease in correlations between the PDI and the PTSD symptom scores suggests that while peritraumatic distress contributes to the development of PTSD symptoms, there may be other factors that contribute to PTSD symptom variance as the disorder persists over extended periods of time. In line with learning theory, PTSD symptoms may be maintained by avoidance behaviours, 11 which are only indirectly related to the severity of the trauma initially experienced. Congruently, peritraumatic dissociation experienced at the time of the traumatic event has been found to be predictive of PTSD chronicity. 35, 36 Further, PTSD symptom variance at 6 months has been shown to be better explained by peritraumatic dissociation than by peritraumatic distress. 3 Posttrauma life stressors occurring within 6 to 9 months following a traumatic event has also been associated with greater PTSD symptom severity. 37 Moreover, lack of social support has been found to be one of the strongest predictors of PTSD maintenance, particularly in patients who have suffered from PTSD for more than 3 years. 10 To date, our meta-analysis constitutes the largest quantitative review examining the relation between peritraumatic distress and PTSD symptoms. Note that peritraumatic distress levels were significantly correlated with PTSD symptom scores in 18 of the correlations sampled, suggesting that peritraumatic distress strongly reflected PTSD symptom severity. Importantly, the relatively large effect size of 0.55, obtained in the overall analysis of these studies, is the highest value reported in the literature thus far. However, the reported correlations between the PDI and the PTSD symptom scores are not perfect, suggesting that they are not entirely measuring the same underlying constructs. This is consistent with the PDI including questions that pertain to emotional responses that occur during or shortly after a traumatic incident, while PTSD diagnostic scales include items that pertain to symptoms that develop over a longer period of time. Further, both types of scales reflect different, albeit overlapping, sets of emotional symptoms. Thus considering that PDI scores explain some, but not all, of the variability in PTSD symptom scores, and that the PDI targets emotional responses that are not covered by PTSD diagnostic scales, the PDI has a potential value in providing an independent contribution to the clinical assessment of PTSD symptom severity.
Several provisions should be taken into consideration when interpreting the current meta-analysis findings. First, the analyses were conducted on mostly cross-sectional data. Therefore, it is difficult to ascertain the extent to which the temporal changes in PDI or PTSD symptom score correlations are due to methodological or to sampling differences across studies. Second, in many of the reviewed studies, the PDI was administered at relatively long time periods following the trauma event. The PDI scores might have been affected by retrospective biases in the participants' memories of peritraumatic distress. Third, the separate analyses conducted on the early and late PDI assessment studies involved relatively small samples (early PDI assessment [9] ; late PDI assessment [10] ) and should be considered as exploratory. Finally, results obtained from the late PDI assessment studies may be biased as these studies include many participants who had developed PTSD, excluding those who had either experienced a traumatic event but did not develop a PTSD, or in many cases developed a PTSD and remitted.
To overcome these limitations, future studies examining the effect of posttrauma elapsed time on the relation between PDI and PTSD symptom scores will need to prospectively assess larger cohorts. The PDI should be administered in temporal proximity with the traumatic event, and PTSD symptoms should be assessed on multiple occasions, to more accurately document long-term temporal changes in the correlations between PDI and the PTSD symptom in individual participants. Modelling should also include other factors suspected to be associated with the persistence of PTSD.
While our study sought to establish how PDI and PTSD symptom scores correlate according to posttrauma time, it did not seek to determine how initial peritraumatic distress was predictive of later PTSD onset. As PDI and PTSD symptom scores were not available for individual participants, it was not possible to compute the predictive value of PDI scores on PTSD development. Nishi et al 5 recently assessed the predictability of PTSD symptoms based on the PDI when administered to motor vehicle accident trauma victims immediately after their accident. They found that PDI scores independently predicted PTSD symptoms 1 month after the trauma. While the PDI's negative predictive value for PTSD diagnosis was high (93%), its positive predictive value was relatively low (53%), suggesting that it is the absence rather than the presence of peritraumatic distress experienced immediately after a traumatic event that is most predictive of PTSD onset. This may be expected, as not all people who have experienced peritraumatic distress following a traumatic event will develop PTSD 1 month later. However, additional studies are needed to fully ascertain how PDI assessments may be prognostic of PTSD development, including delayed-onset PTSD. Understanding which types of peritraumatic distress responses are most predictive of PTSD onset and symptom severity also remains a relatively underexplored area of research.
In summary, the data reviewed and analyzed in our study show that while PDI or PTSD symptom score correlations remain generally significant, they tend to decline as the time elapsed between the traumatic event and the PTSD assessment increases. This result was apparent when taking into consideration the timing of the PDI administration, although factors related to the participant sampling method may have affected the linear regression results as well.
The findings suggest that there may be factors other than peritraumatic distress that increasingly account for the trajectory of PTSD symptoms in trauma-exposed victims.
